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Asthma control 5s improved by combining inhaled corticosteroids 
with long-acting pYagonists, However, fluctuating asthma control 
still occurs. We hypothesized thai if* patient* receiving iow mainte- 
nance dose budesonide/formoteroi (bud/form}, replacing short- 
acting pj-agoniss (SASA) reliever with as-needed bud/form would 
provide rapid symptom relief and simultaneous adjustment in anti- 
inflammatory therapy, thereby reducing exacerbations, in this doa- 
ble-bimd, randomized, parallel-group study 2,760 patients with 
asthma aged 4-S0 years (rWj $0--10ir% predicted) received either 
terbutaiine 0,4 mg as SA8A with bod/form 90/4,$ f! g twice a day 
{bad/form + SABA) or had 320 p.g twice a day (hud 4 SABA) or 
bud/form 80/4.$ fig twice a day with 80/4.5 p'g as-needed (bud/ 
form maintenance + relief). Children used a ©rtce-noete mainte- 
nance dose, Sad/form maintenance 4- reiief prolonged time to first 
severe exacerbation (p < 0.001; primary endpoim}, resulting in a 
4&-4?% lower exacerbation risk versus bud/form + 5A8A (hazard 
ratio, 0,55; 95% confidence interval, 0.44, 0,67} or bod + SABA 
■(hazard ratio, 0,53; 9$% confidence interval 0,43, 0.65). ted/form 
WaWtenatwe + reiief also proionged the time to the first, second, 
and third exacerbation requiring medical intervention (p < 0.0D1), 
reduced severe exacerbation rate, and Improved symptoms, awaken- 
ings, and lung function compared with both fixed dosing regimens. 

Keywords.- ini-oied corticosteroids; long-acting fjj-agonists; management; 
singie inhaler 

Hie combina tion of low or moderate doses of inhaled corticoste- 
roids (ICS) with long-acting £ r agoaists (LAB A) improves: 
asthma control is adaits and reduces exacerbations (OPTIMA 
study [I}; FACET study [2}); however, the evidence in pediatric 
patients is less compelling {3), The combination of ICS plus 
LAB A for maintenance therapy is endorsed in asthma treatment 
guidelines for the treatment of moderate to severe asthma (4). 
Studies such as OPTIMA and FACET have led to marked im- 
provements in asthma control using lower doses of ICS. Optima! 
asthma control was not achieved, however, as patients in these 
studies still had a notable requiremeni for short-acting reliever 
therapy or experienced exacerbations. 

Periodic fluctuations in symptoms and airway inflammation 
are characteristics of asthma, which means that treatment re- 
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quiremerits, especially reliever use, can vary over tiije. More- 
over, reliever medication that provides rapid brotichodiiation 
and symptom relief but that does not treat she ujjderlyjag in- 
flammatory process can be overreUed 01s (5). One possible soia- 
tion cotiid be to use a combination inhaler coataiaing both an 
ICS and an LAB A for both regular maintenance tfeapy and 
as needed. This strategy provides additional antihrflammaiory 
titerapy and rapid symptom re lief if symptoms appear. Such an 
approach is possible with she combination inhaler containing 
hadesonide and foortoterol, as this comfeittatiori has an onset of 
bronchodilator action within the first minute (6), with 3 similar 
efficacy and safety to saiktttamol in patients wish scute severe 
asthma (?). 

We hypothesized that in patients already receiving a low 
daily maintenance dose of hodespnide/formoterol (bud/fortn), 
replacing short-acting ^-agonist (SABA) reliever therapy with 
the as-needed hud'form comhinatton would enable patients to 
adjust more rapidly their antiinflammatory therapy at times of 
greatest need while simultaneously obtaining effective and rapid 
rehef from symptoms. This approach shostld, therefore, farther 
reduce asthma exacerbations and improve asthma control coirs- 
pared with the improvements seen with traditional foced-dose 
eombmatiots therapy. Thus, this randomized, douhle-Mind, t-year 
study compared bad/form both for maintenance and symptom 
relief with fixed dosing using eitber bud/fomt or a foorfafd higher 
dose of budesoriide, both with SABA as reliever therapy. Pre- 
viously, in she FACET study (2), which demonstrated that both 
btidesonide and formoterol had complementary effects on reduc- 
ing exacerbations in adults, a fourfold higher budesoiiide dose 
was more effective at reducing severe asthma exacerbations 
when compared with a low-dose bu&'foroi combination, despite 
the combination providing greater improvements in symptoms 
(2), la this study, severe asthma exacerbations were selected as 
the primary outcome variable, as these are a sensitive clinical 
measure of control, responding to higher maintenance doses of 
bodesoniifc, and thus are less likely to respond to Sow-dose 
combination therapy (2). Some of the results from this study 
have previously been presented in abstract form (8, 9). 

METHODS 
Patients 

Outpatients aged 4 to SO years with asihma treated with 400 to 
1,000 x.g/ef ay of iCS for aduits and 200 to 500 pg/day for children (4-11 
years) with 3 history of one or more aaihraa exacerbation in the iass 
year were ewoiied. All padeats had been using a constant dese of ICS 
for 3 at more months. Patients had ait PEV, 60-100% of fwedkted 
with 12% or mom reversibility. To be eiiginie for randomisation, pa- 
tients bad to ha ve used 12 or more inhalations (or eight or more in 
children) of as-seeded medicasion during the last 10 days of run-in. 
Patients using 10 or more inhalations of relieve? on my 1 day (or seven 
or more for children) or with an asihnss exacerbation dtstirsg ron-in 
were rsot randomised. 
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The study was performed in accordance with the Declaration of 
Helsinki and Good Clnsical Practice guidelines. Approval from regula- 
tory agencies and ethics mmmitsm was obtained at all centers. All 
passeats gave written informed consent. 

Study Design 

Bus was s double-blind, randomized, parallel-group study esnaiKjted 
at 246 comers in 22 countries. Patients attended the eibae at tie begin- 
ning sad end of run-in and after 1,3,6, 9, and .12 months of treatment. 

Patients were randomized to one of three treatment groups: bod/ 
fiw twkse & day ph» 8S«.S jtg as aetvfcd {bud/form mar'nte- 

nance + reiki), bad/form 8&'4,5 jsgtwieeadaypttt* terbutslineOAing 
as needed (bud/fena + SABA), and bndesooide 329 w twice a day 
plus terbutaBne' 0.4 m$ as needed (bud + SABA). Children were gives 
half the maintenance dose once daily at night Treatment was sirsiiSed 
by age group its an fci jaiio ( adeteMdrea), with aO medication deliv- 
ered byTurbuhaier (AstraZeneca, Load, Swedes). 

Adults could use a maximum of 16 and children ? as-needed inhala- 
tions per day before contacting she investigator. Severe exacerbations 
were treated with a 10-day coarse of oral jsrednisona (30 ma'day); 
for children aged 4 to 11 years, the option to add extra maintenance 
medication daring exacerbations was also available. 

Measurements 

Severe asthma exacerbations were defined as a deterioration is asthma 
resuming in hojrritalizarioivemergeocy room treatment, oral steroid 
tre&tmeai (or »»' increase in ICS fv»» a separate inhaler] and/or other 
additional treatment for children aged 4~U years), or morning peak 
expiratory Sow (PEF) of 70% or less of baseline on 2 consecutive days. 
Severe wscarbsrions confined to those requiring medical intervention 
were ato analysed separately. Miid exacerbations were defined as 2 
consecutive days with either a rooming PEF of 80% or less of baseline, 
as-needed use two or more inhalation per day above baseline, or awak- 
enings caused by asthma. 

Daily pretre-atmest FEF was assessed using a Mini- Wright PEF 
meter {Clement Clark, Hsrfew, UK); dasiy symptoms, awakenings, 
relieve medication use, '.and study drag uss were recorded on diary 
cards, FEV, was assessed by spirometry {10} at clinic visits. Safety was 
assessed by adverse events, electrocardiogram, morning plasma Cortisol, 
and vital signs. Height tor ehihhec aged 4 to ii years was mealed 
using local procedures before run-in and after $ and 12 months of 
treattaeat. 

Statistical Analysis 

Data ware analyzed cm an mtintion-so-frest basis for patients who 
received me dose or more of study drug. All hypothesis testing was 
two sided; p values of less shaii 5% were considered statically signifi- 
cant. The primary efficacy outcome was the time to first severe asthma 
exacerbation, described using Kaplan-Meier plots and a iog-raalc test, 
with analysis of mstsntaseoss risk described using s Cox proportional 
hazards model. Tata! numbers of severe exacerbations were compared 
using a Poissotj regression model Corrfidsnce limits and p values were 
adjusted for overdispersion. The sample size was based oa -ffie srsie 
fecideaee of asthma exsceslsatioas in one groap being 25%. Tlierefore, 
a sample size of Mi randomked patients per group (i.e., 200 exaeerba- 
iiom) would provide an 80% probability of "detecting s redaciioa of 
mere tU»» 23% in another group. 

Other daily diary card variables were analyzed as change frost 
baseline using analysis of variance, with She baseline value (last Hi days 
of rim-in) m rovsriate. tadtviduai growth was calenlated as sbange m 
height between «nroliment and after 12 mouths' treaioseni, Growth was 
compared between treatmeats using analysis of variance, with height &i 
enrollrnent as a eovariats. Further infortnation oh the study < 
data analysis is provided ta the oaSine suppisment. 

RESULTS 
Patients 

la total, 3,251 patients were enrolled After rua-fn, 2,760 patients 
weje taridotnked to sf«dy treatment: 925, 909, and 926 patients to 
bud'torai tsiaintestance + relief badftonn + SABA, and bud ■* 



SABA, respectively (Figure El ia the online supplertserit). There 
were 437 pattejsts (16%) with one. m more protocol deviation, 
wstfe so differences oetween. groups. The most cowimm deviation 
was raMomizatiott in error (9%), with the majority of those 
patients failing to meet the criterion for as-needed dedication 
tsse daring the nm-in. Horse of the rieviatiotte jttstified excittaion 
of data from the analysis and all data were inetoded where 
available. Of the 2,760 patients randomised, 341 (12%) were 
chsldfen a^ed 4 to 11 years. Characteristics of th« treatment grotsps 
wore comparable at baseline {Table 1). 

SeM'-reportedcompHanee with maintenance therapy wsssimi- 
la;r ia ail groups, with mcompiete records on 12 to 13% of days,/ 
year, self-reported compliance ok 84 to 85% of days/year, and 
soacomplianeo reported ots 3% of days, 

Severe Exacerbations 

Bad'formrrjamtesaBce + reikf significantly pratae x ged the time 
to Km severe exaeerbation when compared with W'form + 
SABA snd bad + SABA (both p < 0.001) {Figore 1A). The 
risk, of experiencisg a severe asthma exacerbation was 45% lower 
when bud'form was used for maintenance and rehef versus butt'' 
form + SABA{hamrdraUoP£R],0.S5;95% eoafideaee ■interval 
Id], 0.44, 0.6?) and 47% lower than « fottrfold higher mainte- 
nance dose of bod + SABA (HR, 0.53; 95% CI, 0.43, 0J5), 
Some of the asthma exacerbations trt all groups were a result of 
a fail bt PEF (Figure IB). These were mainly discovered ha 
retrospecsive analysis of diary card data and did not result in 
medical intervention in 87% of cases. When these PBF fails 
were removed and only severe exacerbations requiring medical 
intervention were assessed, there was still a 50% redaction in 
the risk of experiencing a severe asthma exacerbation requiring 
nsedieai intervention with bnd/form maintenance 4- relief com- 
"■pared with bad/form + SABA (HR, 0.S0; 95% CSf, 0.40, 0.64) 
and s 45% reduction compared with hud * "SABA (HE, OSS', 
95% Q, 0.43, 0.70}. Snd'fomt maintenance + relief was also 
shown to prolong significantly the time to all •exacerbations, 
including repeats (p < 0.001 compared with both alternative 
regimens) (Figure 2). This highly significant redaction in severe 
exacerbations was consistent in children, adolescents, and adults. 

The relative rate of ail types of severe exacerbations/patsent 
was lowered by 47% in patients using bod/form for maintenance 
and relief compared with patients using either bod/form for 
maintenance only (MR, 0,53: 95% 0, 0.44, 0.65) or higher dose 
badesonide for maintenance (HR, 0,53; 95% CI, 0,44, 0.64), The 
rate of severe exacerbations reqntrisg medical intervention was 
also reduced by 53% for bad/form for mnatteoance + relief 
compared with bod/form for maintenance only (HR, 0.47; 95% 
€1, 0.39, 0.57) and by 46% compared with higher-dose mainte- 
nance therapy with budesostde (HR, 0J4; 95% d, 0.44, 0.66), 
The effect of using bud/tbrm for maintenanc* and relief on 
exacerbation risk remained constant over time (Figure 2), l& 
addition, bud/form maintenance +■ relief reduced the overall 
burden of severe exacerbatiotts reqnirsng medical intervention, 
decreasing first and repeated events by 134 and 170 events com- 
pared with bud + SABA and bud/form -tSABA, respectively 
(Figure E2). 

lySSd Exacer bati ons 

Patients in the bud'form maintenance + rebel group had a sig- 
nhlcantly iosger time to first mild exacerbation compared with 
those in the bud/form + SABA and bud + SABA groups (bc-th 
p < 0.001), In addition, the rate {exacerbation days/subject) was 
36% 'tower for bud/form maintenance + relief compared with 
had/form 4 SABA (HR, 0.70; 93% CI, 9,62, 0.80) and 36% 
lower compared with bud + SABA (MR, 0,64; 95% CI, 0,57, 
0^3). 
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TABLE 1. PATIENTS' 8ASEUNE CHARACTESBTiCS 



SA8A 
(« « S2S) 



•, r> 
Age, yr 
4-J 5 yesrs, « 
Asihsns duration, yr 
f EV„ L 

r-£V,, % predicted norma) 

iCS aose at an&y/pgftfcy 
Inhsfesi uss at Sysiy SfSry' 
Steisever use,, number et Kihaia&sra/rfay 
ftelfew use, numfe«r of infeatatiwafoight 
Asthma symptom score (seals 0--6) 
$yr*ipUOTvf res? (lays,, % 
&:Rwer4f«!8 days, % 
Ajtfcrna «>nt«s! days, % 
AWBkeoirtgs, % of rKtsbte 



4i6/Sta 
36 (4-?$} 
H>£-<1t) 

9 (0-*?) 
2,14 (0.84-4,82} 

21 (3-75? 

mm) 

i,«S>{O0-?.6) 
0,?2(0.0-3<?} 

1. 5 (0,0-5,*} 

23.5 $M80) 
8,8 (0-1 SS} 

5.6 {&~S3> 

23.6 (0-100> 



Sud/iWTii + SABA 



Sudfterro Maintenance * Re&ef 



3S4/515 
56(4-29; 
W-fl3) 

S(O-03 
2.10 (0,62-4,58} 
?3 {4a-t0S> 
23 {t2-.?S> 
5a8{2«C~1,0«30} 
258 {29) 
) .6? SK0-S.4) 
S.73 (0.0-6.6) 
1.4(0,0-5,2} 
2*.0 (JMOO) 
$.3 (8-100} 
5.9 <;0-90} 
20.2 (0-tGQ) 



425/594 
3S (4-77) 
St8(5i} 
9 

2.5 3 #. 45-4.28) 
23 (4.3-108} 
21 

6)5 (200-1,208) 

250 (2?) 
1.74(0,0-8.0) 
0.?2 CO.O~5,7} 

!i(S.M.£'| 
23.3 (0-580) 

8.2 ttMOO) 

5.4 (0-90) 
21.8 50-100} 



Bifd » Jjudesankte fcf.-?i « formotero!; ICS * 
SABA « sfton-sctitig fo-agorsisf. 
A!) ysfoes are presented as sbsofeste fiumbsfs or as mean {raitge}, exreM 
*V»ws are 3 camtiifsatiofs of metered and deK-vxra* aoses. 
< tnciudes eombtnsSeru el ICSAA6A aad USA, 



cartkonef OBfs; LhSA « io«g*se£sfig g^agofiisi; 
ssthn-ia duration {median). 



StucJy Dreg Use 

The mean number of daytime or nighttime inhalations of reliever 
medication w sigmfieamly lower for patients using bud/f<wm 
mainteaanee + relief than for either comparator using SABA 
for relief (all p < 0,001; Table 2 and Figure 3A>. On the majority 
of days (*' 54%) patients remained reliever free tn both the 
hwilfatm maintenance + relief group and in the badrTorra * 
SABA groisp (Tabk 2), The mean daily budesoaide dose used 
by adults and children is shows in Figure 4, 

There were 495 episodes with an increase Its as-needed medi- 
cation so more than four inhalations per day over the baseline 
value in the bud/fonn. maintenance 4- relief group, of which 37 
were associated with an exacerbation; 134? episodes in the bod/ 
form * SABA group, with 120 associated with an exacerbation; 
and 5,196 episodes in the bad + SABA group, with % associated 
with 3« exacerbation. 

There were 26, 142, arid 161 episodes of increased as-needed 
tsss of more than eight inhalations per day above baseline in the 
bud/form maintenance * reiki, bud/form + SABA, and bad * 
SABA groups, respeeiiveiy; of these, oniy 2 preceded an exacer- 
bation in the bud/form maintenance + relief group compared 
with 17 and 23 in the bad/farm + SABA and bud + SABA 
groups, respectively. The distribuiion of average daily as-needed 
medication use is shown in Fjgure E3, Bstieats using hooVfona 
formsmsenaeee and relief also bad fewer courses of oral steroids, 
0.19 courses per year for patients aged 12 to 88 years and 0,65 
courees-'year for children 4 to li years compared with patients 
receiving bnd'form + SABA {0.42 and 0.30 cr>«jses per year for 
patients aged 12-80 and 4-11 years, respectively) and bad + 
SABA (0,3S and 0.2S courses per year for patients aged 12-SO 
and 4—11 years, respectively} {descriptive statistics only). 

Symptoms 

AM treatments improved both asthma symptoms, as seen by a 
reduced reqairemejjt for reliever rreatinent, and swakeainp 
feom run-in (Figure 3B). Nighttime symptoms and awakeniags 
were sigaiacardiy feaproved in pasieats using feta^fonst for main- 
tsnance + relief compared with those asing btsd/form 4- SABA 
or a fourfoy higher maintenance dose of bad + SABA (aS p < 
0.05; Table 2), Based on adjrtsted means, the improved symptom 



control wish bud/form for maintenance + relief resulted in an 
extra 14 sights per year free from awakenings compared with 
both alternative regimens. Bad/form + SABA sigflificanliy im- 
proved daytime and nighttime symptoms (p < 0.05} and asthma 
control days (p < Q.001 } compared with a fourfold higher maiRtc- 
nance dose of bad + SABA; however, awakenings were similar 
for both groups, in contrast, all symptoms were improved with 
bod/form for maintenance +■ relief compared with a fourfold 
higher maintenance dose of bad SABA (Table 2), 

Lung Forjction 

Morning PEF was improved from baseline in all treatment group's 
(Figure 3C). Bud/form for maintenance * relief significantly 
improved morning and evening PEF and REV, compared with 
btid/farm 4- SABA and bad ■+ SABA (sS p < 0,001; Table 2), 
3n addition, bad/form + SABA significantly improved both 
morning and evening PEF compared with bad + SABA, 

Safety 

A3! treatments were well tolerated, and adverse events were 
generally mild to moderate in intensity. There were no notable 
differences between the three groups for adverse events or ad- 
verse events related so treatment with gragonists or ICS {Table 
3). The total nnmber of patients with one or more adverse event 
was 528 (51%) with bod + SAB A, 473 (52%) with bud/form + 
SABA, and 496 (54%) with bud/form for maintenance + relief. 
The namber of patients with one or raore serious adverse event 
was similar in each of the treatment groups: 5% (48/925} for 
bad + SABA, 7% (62/906) for bad/forat + SABA, arid 5% (46/ 
922} for budiform maintenance -r- relief. There were 7, 15, and 
14 c&ecmtmuatiens because of respiratory events is the bud/ 
form maintenance * relief, bud/form + SABA, and bad + 
SABA groups, respectively. Of these, aggravated asthma (wors- 
eafog asthma) occurrgrl in 2 patients i& the bad/'fomj mainte.. 
naaee +• relief group compared with 13 and 8 patients in the 
bad/forth -f SABA and bad + SABA groups, respectively. There 
were one, two, and three cardiovascular events leading to discon- 
tinuation (general cardiovascular disorders, heart rate, and 
rhythm disorders, and myocardial, endocardial, and pericardial 
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Figure 1 , (A} Time to first severe exacerbation (deterior ation in asthma 
r esyfdng in morning peak expiratory ftow [PEF] of 70% or less of baseiine 
on 2 consecutive days; hBspital&atscn/ernergency room visit; treat- 
ment with or«M steroids; or art increase in inhaled corticosteroids fICS; 
via a separata inhaier ) and/or other additional treatment as an additional 
criterion for patients aged 4-1 1 years). Stid/form maintenance + relief 
significarsSiy prcicogeci the time to first severe exacerbation (p < 0.001 
compared with hath alternative regimens; Cox proponiortaf hazards 
msdei}. (8) Total number «f severe asthma exacerbations and exacer- 
bation subtypes (PEf fail, oral steroid course or additional tresimsnt, 
hospltafeatksn/ER visit). The p values are based on relative rate analysis 
{Pohsoo regression). ?a6ents received 12 months of treatment with 
budesentde/formoieroi (bud/form) H0/4. 5 ag plus additional inhala- 
tions as needed (bud/form maintenance * reiiei), bud/form £0/4.5 jig 
pirn terbaialine 0.4 tnq (bud/form + short-acting $,-ago«ist f$A8A]) t 
or budesonide 320 jig pkis terbufaiing 0.4 mg (bod + SABA). AS mainte- 
nancs treatments wet* twice dairy for patients aged 1 2-80 years and 
once daily for children aged i years. 



disorders and valve disorders) is the bu#&>nn masmeitance «f 
relief, bud/form + SABA, and bad + S ABA groups, respectively. 
Other events led to 11, 23, arid 13 e&eoRtinuattons, respectively. 

No eSirscaUy important differences is electrocardiogram, fcenui- 
toiogy, cSsaicaS chemistry, or tsrinah/sss were observed between 
treatment groups or over time. In subgroups of patients aged 12-80 
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Figure 2. Kapian-lvteier plot oj time to severe aslhma exxcettutdon (de- 
fined as a deterioration in asthma resulting In hospitafeation/e'R visit; 
treatment with orai steroids snd/or an increase in iCS |via a separate 
ihhaierj and/of other addititsoai treatment as an addiiionai criterion for 
paiiedts aged 4-1 X years). (A) Time to first exacerbation, (S) Time to 
second. (C) Time to third. Patients received 1 2 months of treatment 
with bad/form 80/4 .5 jig plus additional sohaiations as needed (bud/ 
form mainteFsrice 4- relief), bad/fern^ 80/4,5 f*cj pius tertwtaiine QA mg 
(bud/form + SASA), or bodesorside 320 fig pias terbataline 0.4 oig 
(b«d •+ SA8A). aSS maintenance treatments were twice dally for patients 
aged years and once daiiy for children aged *-t 1 years, god/ 
form maintenante * relief significwtly prolonged the time to all exacer- 
batiens, ioelyding repeats (p < D.OOt compared svith both alternative 
regfrneos; -tox propcrfjonai hazards modei). 



and 4-11 years its whoas plasma Cortisol was assessed , there were 
no signsSeaai fmdiogs (see Table El). 

Cfeiidres (4-1 i years) in both ba&tam groups grew stgnsfi- 
cantiy more than those m the bod + SABA group. 'Otero was an 
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O'Byme, Sisgaarri, GodstdS, st a?. : Sud/Fosm for Maintenance and ReM is Asthma 



1ABI£ 2, CUHIZAI OUTCOMES 
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Sftfeife of attftMMfirig 8s«J » fcodesoriide; form * formcteroi; inhs - inhalations; P6f » peak expiratory How; SABA * msn-acting pVagonisl. 
Daiiy centra measure* tit mwm <*km over 12 months of ircaanertti 

* p V'aiuss based on lh« :f««srsta'>s)«u! rijii <?* experiencing st lease «n« s<rvete exicetfcatwn <Co» prooortionii! h»£w<i mode)). 
4 p Vaiuss i»5«J «n r«iaSve m« ans^s $*o«son regression). 

* Symptom* wwe scowrf irort? 0 {tx> «»t»m» s>;nptorns) to 3 (unable ondervaite norms! acniv&es jo* to jfeejj) btemm of symptoms}. 

» AsShms iontroi days ware rj«fi«*rj « day with ra» symptoms (cta>< or night}, no swatersings au»d by asthma, and no ;3s-nee«ia<j ffiatJicsfen use. 

* MiM *K8ceiii»«j«ft sisj's (periods Mth worssnings) we c5atw«3 as wy day yyith «n swatertiog caused by vKtma, at with ss-oeesietj ffiadicatitm use of two or mors 
InhaSaiSofss absve trie basefine mean valu* or wi«> mcrofng ?£f of SO 1 * or le» of basefine (nean val««. 



adjusted mea*s: difference In growth of 1 .0 cm between children 
treated with biKi&Ofin for sfsaiista nance 4 relief versus bad + 
SABA (95% CI, 03, 1.7; p ~ 0,0054} and a difference of 0.9 cm 
between budfimss + SABA verses bud 4 SABA (95% CI. 8.2. 
L6; p ~ Q.0099), 

DSSCUSSiON 

This study examined the hypothesis that hud/form us«d for regu- 
lar maiatcasace therapy and symptom relief woyid farther 
reduce exaeerbatsons aad iorprovs overall asthma control com* 
pared with traditional 1CS&A8A tfee»py. ICS pius LABA has 
demonstrated efficacy in adalts with asthma {1, 2) and ts recom- 
asended by guidelines as the optimal therapy for patients with 
moderate to severe asthma {4}. The study demftfrstfated &at 
bud/fonrs for maintesiaace and relief sjgjiificaotiy Tedticed total 
severe exacerbatiosss, severe exacerbations requiring msdicatioa 
iiitervention. and exposure to oral steroids, as wed m ledncmg 
reliever medication use, sight-time symptoms inclndiBg awaken- 
issgs, and mild exacerbation days and improving Isms* function 
when compared with either bad-'fonn or a foarfoid bighsr dose 
of budesonide fox maintenance therapy, both with SABA for 
relief. 

The asthma management approach used in this study is an 
evolution of the ICS plus LAB A approach demonstrateri to be 
effective in the OPTIMA (!) and FACET (2) studies. These 
studies showed that exacerbations were less common in the 
majority of patients treated with the addition of LABA to ICS 
compared -with those receiving a twofold or fonrfold higher dose 
of ICS, The only notable beiserss of the fotsrfoid higher dose 
of btidesessde in the FACET study was to prevent repeated 
severe exacerbations. This study is the first to show that a high- 
inaintesjance dose of hadesorside is not accessary to redace the 



incidence of first and repeated severe exacerbations requiring 
medical intervention. The risk of a se vere exacerbation requiring 
medical imeirvention was reduced by 45% wjfh bud/form for 
maintenance and relief compared with patients using a fourfold 
higher maintenance dose of bndesonide with SABA for relief. 
Moreover, the time to second and third exacerbations was sig- 
stfkantly prolonged with bed/form for maintenance and relief 
compared with the fourfold higher maintenance dose of bude» 
seaside with SABA, This suggests that bnd'form for raaintenassce 
and relief is slso effective at patients with more severe asthma 
who experience repeat exacerbations, 

The magnitude of th& benefits achieved in this study with 
hod/form for maintenance and relief (with s mem daily dose of 
bodesonide of 240 lagtday ia adults and 126 jig in children) 
when compared wife a fourfold higher maintenance dose of 
budesonide (with a mean daily dose of 640 pg/day in adults and 
320 jig/day in children) was surprising and suggests that it is the 
timing of fee increase io ICS doss- resulting from as-needed 
use of hud/form in response to sysnptonis - rather than the toial 
inhaled dose of ICS that improves efficacy. Studies that smrply 
doablsd the maintenance dose of ICS well into the coarse of 
an essaeerbatioa have generally failed to show added benefits 
(11, 12), The evaluation by Tattersfteld atid colleagues (13) of ail 
severe exacerbations that eccnrred in the FACET study suggests 
that there Is a period of 5 to ? days before a severe exacerbation 
is recognized and needs to be treated with oral corticosteroids, 
during which patients experience deteriorating symptoms arjd 
lung function. This represents an opportunity to intervene early 
wife an increase in ICS. There is also evidence feat as-needed 
use of formoterol has benefits for asthma control. Patienis using 
as-needed formoterol In addition to regular maintenance therapy 
with an ICS or an ICS/LABA combination have fewer severe 
exacerbations than patients using terbutaisne (14) orsaihutamol 



EXHIBIT 4 - page 5 



AMEftOM iomm. of moratory and mum, cam mmarn vol j ?t 200s 



2.8- 



24-f 




Days sines naric'cnttfaiiojj 




«0 



*~r~ 



~r~ 

560 



— p_ 

200 



2*0 



280 



325 



360 



%iife 3. Diary card data showing change from sun-in 
over the emirs 12-month treatment period. (A) Mean 
reliever inhalations per 34 hours, (S) nights with awaken- 
ings because of asthma. (C) Morning PSf. Patients were 
randomked to 12 months of treatment with bod/form 
80/4,5 ^c, pfus additional inhalations as needed (bud/ 
form maintenance + teiiel), bud/form 80/4.5 pg pius 
terbutaSir* 0.4 m§ (byd/form + SASA}, or tedesonsde 
320 n§ pius terbutaifce 0.4 mg (bud * SA8A), Ail treat- 
ments were twice daa> for patients aged 1 2~8Q years and 
once daily tor ehSdren aged 4-1 1 years; p < o,om for 
bud/form maintenance 4 relief versus bud/form * SASa 
and bud + SA&A for dally reliever use, nights with awaken- 
jfigirand morning «F {anaiysis of variance), 




3 m-\ ; 



m m joo 24 

Gays since fattdorrwaSon 



~~~r i 

320 360 



as needed {IS). Furthermore, increasing both bndesonide and 
formoteroi provides greater protection from inflammatory chal- 
lenges than' increasing either agent alone (36), 

Patients who do sot adhere folly to ICS asd instead overrefy 
on SAB As as reliever medication are at increased risk of expert 
anting asthma exacerbations {17, IS), 8«d/form for mamteoarice 
asd relief reduces the poteaisai for patients to ©verrely on their 
reliever medication (which, ia the ease of SASAs, do not treat 
underlying inftamtnaiien) and instead responds to symptoms 
wish a combiHation of bad/form. This ensures that patients re- 
ceive sb immediate increase in antunSaminatory medication pirn 
rapsd and sustained symptom relief. Also, concerns that the use 
of the LABA alone may mask sabctisicai airway infiamraatsbii 
{19} m& not an issue with bud^otna for main teriarsce and reBef t 
as ICSs are always delivered with reHever ruedisatiosi to control 
aaderiyatg bSiammatioa. Impoftaady, there was no evidence of 
toiersHce to nsedicaison in patients using bod/forts for araiate- 
m&at sad relief, as impyoveroeats m exacerbatiort control, isag 
function, awakenings, and reiiever-free days were rsaiatajned 
over the I2-r3©jiSh study psritxi. 



Tbs fourfold higher maintenance dose of budesonide pius 
SABA may have been superior to the fixed-dose bud/form pins 
SABA treatment in eontt oiling asthma exacerbations in the most 
severe patients, despite fixed-dose bud/Toms plus SAB A provid- 
ing superior improvements in tnng faaction, reliever-free days, 
sad asthma eontroi days. Patients in the fourfold higher badesou- 
ide plus SABA group had fewer exacerbations requiriug medical 
inisrventiori, although this difference did sot reach statistical 
sigaifscasce. Although time to first exacerbation was similar in 
fisese two groups, time to a third exacerbation -was prolonged to 
a greater extent by high-dose budesonidepto SABA treatment. 
This result is similar to tae outcome of the FACET study (2), 
where patjents with mare severe asthma prose to frequent exac« 
erbatioHs benefi ted from a higher d«3se of ICS. 

Hjere was ao evidence for overuse of reliever bad/foms. On 
average, 55% of days were reliever use free in the bud/form 
maintenance plus relief gronp and the mean number of as- 
needed doses of bud/form was one additiosal dose per day. This 
amonjit of as-ueeded reifeveruse with fixed combination therapy 
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figure 4. Mean dairy ICS <tow$. (A) Patients aged '5 2-80 years. («) 
patients aged 4-1 1 years, Patients were randomised to 12 months of 
treatmerst with feud/form SO/4.5 plus additional inhabtttero «$ 
needed (bud/form maintenance + relief), bad/torm 30/4. S $pg plus 
tsrtoutaline 0.4 rrtg (bi*d/torrn + SABA), or fcudwonide 320 p.g phs% 
terfe«iaii«e 0,4 oig (feud * SA8A). Aii treatments were twits dairy for 
patients aged 12-86 years .«nd one* daily for children aged 4-1 1 years. 



fie., 50% of days with use or ars average of one inhalation per 
day) has been a common sading in sswa! studies of patxassts 
mih moderate to severe asthma using saimeterGt^titicasoue 
(20-22) sad ba&tmm (22, 23). In addition, there were aotabiy 
fewer episodes of high as-seeded medication use, thaS is, aS least 
eight inhalations above baseline, in the bud/kara usarotenance + 
relief group compared with the fixed dosing groups. Bud/fonn 



iaainfenaace + relief was also associated with only. 2 severe 
exacerbations «$ the high-user subgroup compared with 17-23 
sewws exacerbations in patienis gsiag terbutaiine for reliever 
medicatioBc The average daily dose of budesonide resulting from 
maintenance sad relief use of bad/forts was MS fig higher than 
for pat ients Who used bad/form far fixed maintenance only (bud/ 
form + SABA group). Importantly, no additions! drug-related 
adverse events were identified with Oks use of extra bud/fonrs 
for relief m addition to maiiiteaaiiee. 

Asthma treatment guidelines (4) advocate a stepwise ap- 
proach to asthma management, bud/form for raaiatenaace sad 
relief mirrors this recommendation. Patients step up their cos- 
trailer medication by using bud/form for reSef of breafahroogh 
symptoms. Adjustments in medication oecnr from the first onset 
of symptoms, however, rather than after a medication review. 
Once control is regained patients step down treatment fey using 
bad/form for daily maintenance treatment only, without addi- 
tions! as-needed inhalations. 

in conclusion, using bud/form for both maintenance and relief 
reduces the risk and rate of severe asthma exacerbations and 
the need for systemic steroids and improves asthma symptoms, 
nocturnal awakenings, and Sung function compared wish tradi- 
tional fixed dosing regimens, therefore reducing the amrbidity 
and potentially the mortality of asthma. 
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